Objective: To assess methodological quality of the randomized controlled trials of physiotherapy in patients undergoing coronary artery bypass grafting in the intensive care unit.
INTRODUCTION
The large amount of publications in health care makes professionals have difficulty to stay up to date. Moreover, a great part of the available information does not come from studies with adequate methodological quality, what makes them of little clinical relevance. Incomplete or inadequate publication of information on the study planning and driving affects the identification of possible methodological errors, also hampering the use of its findings by the interested parties, since they cannot critically assess its clinical applicability [1, 2] .
Even though randomized clinical trials (RCT) are gold standard for the assessment of health interventions, this type of study is also prone to bias whether due to researchers arbitrariness when selecting the sample and gauging the analyzed variables, or due to the difficulty of controlling other factors that may influence the clinical outcome. Bias or systematic error can be defined as any tendentiousness in the collection, analysis, interpretation, publication or revision of data, which induces conclusions that systematically tend to distance themselves from the truth [3] .
In phase I of cardiac rehabilitation, physiotherapy has an increasingly important role in contributing to the patients return to their social and professional activities in the best possible clinical conditions, thus improving the quality of life [4] . In the early postoperative period after a coronary artery bypass grafting (CABG), respiratory physiotherapy has been widely requested in order to reverse or minimize postoperative pulmonary complications [5] . Techniques that can improve respiratory mechanics, lung re-expansion and bronchial hygiene are applied, contributing to the patients proper ventilation [6] .
Numerous studies over the past decade have documented that physiotherapists are in favor of evidence-based medicine and recognize the importance of using research results to achieve a more scientific-based clinical practice. Therefore, the number of publications that consistently support the best physiotherapy procedures to be followed have been increasing [7] . Assessments of physiotherapy intervention studies demonstrate an upward curve in relation to the enrichment of the methodological quality over the past decades [8] [9] [10] [11] . However, there is still great potential for improvement in their elaboration and development.
It should be noted that no evidence can be observed on the methodological quality of RCT of physiotherapy intervention on CABG postoperative patients in the intensive care unit (ICU). Therefore, this research is needed since the fulfillment or not of the criteria for a correct development of this research design can influence the results. Also, complementarily, the dissemination of these data will stimulate further research to be developed with a superior methodological quality, showing the main points that should be better outlined and planned. It will then be possible to obtain greater benefits, as well as improved outcomes for critical patients in daily clinical practice. It should be noted that there is no evidence on the methodological quality of RCT of physiotherapy intervention on CABG postoperative patients in the Intensive Care Unit (ICU).
METHODS
This review was conducted in accordance with the recommendations proposed by the Cochrane Collaboration and the Preferred Reporting Items for Systematic Review and Meta-analyses: The PRISMA [12, 13] . The studies methodological quality was evaluated using the Cochrane Collaboration's tool for assessing risk of bias [12] , and the correct description of the RCT's items was evaluated using the CONSORT Statement [14] and its extension for clinical trials of nonpharmacologic treatment interventions [15] . When certain items were not applicable to all studies (as in the case of the evaluation of multicenter studies), they were considered as adequate.
Eligibility Criteria
Studies designed as RCT's, with respiratory physiotherapy intervention, associated or not with neuromusculoskeletal physiotherapy, in postoperative patients of CABG in the ICU were included. Studies whose intervention also happened in the preoperative period were included as well. The following were ineligible for inclusion in the review: studies whose patients had undergone another associated surgery and studies that did not contain terms related to physiotherapy and its synonyms (physiotherapy, physical therapy, physiotherapists, physical therapists, and respiratory therapists) anywhere in the paper.
Search Strategies
The search was conducted in the following electronic databases (from inception to May 26, 2015) : MEDLINE (via PubMed), Central Register of Controlled Trials (Cochrane CENTRAL) and Physiotherapy Evidence Database (PEDro). Additionally, manual search was conducted in the references of published papers. The search terms used were "Coronary Artery Bypass Grafting", terms related to respiratory physiotherapy interventions, such as "breathing exercises" and "respiratory muscle training", and a word sequence with high sensitivity for the search of randomized RCT described by Robinson & Dickersin [16] . Papers not published in English were excluded. The full search strategy used in the PubMed, which was adjusted for the search in the other databases, is shown in Table 1 .
Study Selection and Data Extraction
The selection of studies was carried out by two reviewers (J.L. and C.S.), independently, in two stages: I -selection of studies by reading the titles and abstracts; II -full analysis of papers selected in Phase I. Papers were included in accordance with the eligibility criteria specified previously. In case of disagreement on the paper's inclusion and with no consensus between the reviewers, a third reviewer (R.P.) was consulted. The primary outcome extracted was proper fulfilling of the Cochrane Collaboration's tool's items, and the secondary outcome extracted was suitability to the requirements of the CONSORT Statement and its extension. The data extraction was performed separately and independently by both reviewers (J.L. and C.S.) and crosschecked. Disagreements regarding the data extraction were solved by a third author (R.P.). Three standardized forms were used, which contained: the 25 items of the CONSORT checklist, the 7 items of the Cochrane Collaboration's tool for assessing risk of bias, and the 16 items of the CONSORT checklist extension for clinical trials of non-pharmacologic treatment interventions. For the CONSORT Statement items, the concept of "adequate" or "inadequate" was assigned, according to the description or not of each item in the checklist. The Cochrane Collaboration's tool's items without a clear description were classified with the word "no" or "not report". In the case of missing data, the authors were contacted by e-mail at least twice. The study was excluded if the data were still insufficient after this process.
Data Analysis
The results are going to be descriptively displayed (frequency and percentage).
RESULTS

Description of Studies
The search strategy identified 807 potentially relevant studies, adding a further 17 studies drawn from the reference lists. Subsequently, 172 duplicates were discarded and 565 irrelevant studies were excluded. Among the 87 resulting records, two were excluded for not having been published in English, 25 had not described a term related to physiotherapy and its synonyms, three were not RCT's, seven were not with postoperative patients of CABG or had other associated surgery, two studies had not been performed in the ICU and nine studies were not available. Figure 1 shows the study flowchart.
Among the 39 studies included , 41.02% (n=16) were conducted in Brazil, 56.41% (n=22) were published between 2000 and 2010, and only 12.82% (n=5) were published in journals specialized in physiotherapy. In relation to the sample, in 33.33% (n=13) of the studies the number of patients was higher than 70, in 58.97% (n=23) the average age was of over 60 years, and in 84.61% (n=33) of the studies more than half of the sample consisted of males. The treatment was provided only in the postoperative period in 69.23% (n=27) of the studies, and in 51.28% (n=20) a patients were monitored until discharge.
The most widely used techniques were re-expansive ventilatory exercises (56.41%), ventilatory exercises for bronchial hygiene (48.71%) and non-invasive mechanical ventilation (41.02%). There was an association of techniques in 69.23% (n=27) of the studies.
The most researched outcomes were atelectasis (48.71%), forced expiratory volume in one second (FEV1) (41.02%), invasive mechanical ventilation time (35.89%) and partial pressure of oxygen (PaO2) (35.89%). The Table 2 shows the characterization studies.
CONSORT Statement
According to the CONSORT assessment, the three items that were best and worst described were, respectively: introduction (100%), interventions (100%), and outcomes and estimation (100%); allocation concealment (7.69%), ancillary analysis (7.69%), and generalizability (2.56%) ( Table 3 ). The CONSORT extension (Table 4 ) presented as the best described items: participants (100%), interventions (100%), and components of the interventions (100%). On the other hand, the lowest scoring items were title and abstract (0%), assessment of adherence with the protocol (0%), and concealment method (5.12%).
Seven studies conducted before the CONSORT publication were identified. When compared to other studies, the items introduction, interventions, results, outcomes and estimation, interpretation, and protocol remained equally adequate. The correct description of the items blinding and statistical methods decreased 41.96% and 6.25% respectively in the studies published after the CONSORT. All of the 17 remaining items were described more frequently after the CONSORT publication, as follows: title and abstract (increase of 10.72%), design (increase of 26.34%), participants (increase of 52.68%), sample size (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 46.87% of the studies after it), random sequence generation (increase of 30.80%), allocation concealment (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 9.37% of the studies after it), allocation implementation (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 12.50% of the studies after it), participant flow diagram (increase of 6.69%), recruitment (increase of 15.18%), characteristics (increase of 1.79%), numbers analyzed (increase of 35.27%), ancillary analyses (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 9.37% of the studies after it), harms (increase of 4.47%), limitations (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 50% of the studies after it), generalizability (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 3.12% of the studies after it), registration (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 6.25% of the studies after it) and funding (increase of 1.34%). The item "protocol" was not appropriate according to the CONSORT requirements in any of the studies evaluated ( Figure 2 ). Among the 39 studies, 27 presented its final outcomes as positive and 12 as negative with the proposed treatment. Regarding the CONSORT checklist's Methods section, when evaluated separately in accordance with the outcome, all items showed to have equal or better methodological quality in the studies with positive outcomes, except for the Statistical Methods item (Figure 3 ).
Risk of Bias
Regarding the assessment of the Cochrane Collaboration's tool for risk of bias, description of losses and exclusions in 66.66% of the studies, proper random sequence generation in 51.28%, blinding of outcome assessors in 46.15%, intention-to-treat analysis in 12.82%, and allocation concealment and blinding of patients and investigators in 7.69% could be noted (Table 5) . Among patients undergoing elective coronary artery bypass grafting, the use of BPAP at extubation reduced the recovery time. Supported by trained staff, more than 75% of all patients allocated to BPAP tolerated it for more than 10 hours
Barros et al. [18] , 2010 These data suggest that cardiac surgery produces a reduction in inspiratory muscle strength, pulmonary volume, and flow. The association of positive expiratory pressure with physiotherapy intervention was more efficient in minimizing these changes, in comparison to the physiotherapy intervention alone. However, in both groups, the pulmonary volumes were not completely reestablished by the fifth postoperative day, and it was necessary to continue the treatment after hospital convalescence Based on the three variables studied, we consider both devices equal in efficiency after coronary surgery
Renault et al. [44] , In order to reverse hypoxemia earlier, the RPPI was more efficient compared to IS; however, to improve the strength of respiratory muscles, it was more effective Savci et al. [47] , 2011 On the third day, the walk was free in the hallway. CAR consisted of 1-2 controlled breaths, followed 3 RVE inspiratory pause of 3 seconds, controlled breaths 1-2 VEBH CG: RVE, VEBH, EM, EULL. AM 30 and 80 m in the morning and afternoon on the first postoperative day. On the second day, AM for five minutes. On the third day, the walk was free in the hallway. IS was applied followed by 3 repetitions inspiratory pause of 3 seconds. VEBH 1-2 controlled breaths. By the second day after surgery, two daily sessions and after, once a day, 15 minutes session Outcomes: VC, FVC, FEV1, PEF, 6MWD, atelectasis, congestion, infiltration, pneumothorax, pleural effusion, pulmonary edema, pain Both treatments improved arterial oxygenation from the first day of the postoperative period. After a 5-day treatment, functional capacity was well preserved with the usage of CAR or IS Both physiotherapy methods had similar effects on the rate of atelectasis, pulmonary function, and pain perception
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Stein et al. [49] , CG: three sets of 10 repetitions of RVE through a face mask connected to a T tube with PEP 15 cmH2O and RI -5 cmH2O
Outcomes: atelectasis, PaO2, PaCO2, IMV time A significant decrease of atelectatic area, increase in aerated lung area and a small increase in PaO2 were found after performance of 30 deep breaths. No difference among the three breathing techniques was found AR -alveolar recruitment; AM -ambulation; BPAP -bilevel positive pressure airway; CAR -active cycle of breathing; CG -control group; CPAP -continuous positive airway pressure; Cstat -static compliance; CV -current volume; EE -ends exercises; EM -early mobilization; EULL -exercise upper and lower limbs; FEV1 -forced expiratory volume in one second FiO2 -inspiratory oxygen fraction; FVC -forced vital capacity; ICU -intensive care unit; IG -intervention group; IMV -invasive mechanical ventilation; IMT -inspiratory muscle training; IS -incentive spirometry; LA -ladder; MH -manual hyperinflation; MVminute volume; NBL -nebulization; NC -nasal catheter; NIV -non-invasive ventilation; NPI -none physiotherapy intervention; PaCO2-partial pressure of carbon dioxide; PaO2 -partial pressure of oxygen; PC-CMV -Pressure-control continuous mandatory ventilation; PD -postural drainage; PE -preoperative education; PEmax -maximal expiratory pressure; PEEP -positive end-expiratory pressure; PEF -peak expiratory flow; PEP -positive expiratory pressure; PImax -maximal inspiratory pressure; PRVC -pressure regulated volume control; PWC -progressive walking circuit; RI -inspiratory resistance; RCP -routine chest physiotherapy; RE -expiratory resistance; RPPI -intermittent positive pressure breathing; RV -residual volume; RVE -re-expansive ventilatory exercises; SA -support adapted; SIMV -synchronized intermittent mandatory ventilation; SMI -sustained maximal inspirations; 6MWD -six-minute walk distance; SP -support pressure; SpO2 -peripheral oxygen saturation; TLC -total lung capacity; TM -thoracic maneuvers; TS -tracheal suctioning; VC-CMV -volume-control continuous mandatory ventilation; VEBH -ventilatory exercises for bronchial hygiene; VC -vital capacity; VIPP -ventilation with intermittent positive pressure; VS -volume support; ZEEP -zero end expiratory pressure; WP -weaning protocol. Al Jaaly et al. [17] , Al Jaaly et al. [17] , 2013  I  A  A  A  A  I  A  A  I  I  A  A  A  A  I  I Barros et al. [18] , 2010  I  A  A  A  I  I  A  A  I  I  A  I  A  I  I  I Blattner et al. [19] , 2008  I  A  A  A  A  I  A  A  A  A  A  A  A  A  I  I Borges et al. [20] , 2013  I  A  A  A  I  I  I  A  I  I  A  I  A  A  I  I Borghi-Silva et al. [21] Jenkins et al. [35] , 1989  I  A  A  A  I  I  I  I  A  I  A  I  A  A  I  I Johnson et al. [36] , 1995  I  A  A  A  I  I  I  I  A  I  A  A  A  A  I  I Marvel et al. [37] , 1986  I  A  A  A  A  I  I  A  A  I  A  I  A  A  I  I Matheus et al. [38] , 2012  I  A  A  A  I  I  I  A  I  I  A  I  A  A  I  I Matte et al. [39] , 2000  I  A  A  A  I  I  I  I  A  I  A  I  A  A  I  I Mendes et al. [40] , 2010  I  A  A  A  I  I  A  A  I  I  A  A  A  A  I  I Michalopoulos et al. [41] , 1998  I  A  A  A  A  I  A  I  I  I  A  I  A  A  I  I Muller et al. [42] , 2006  I  A  A  A  I  I  I  I  I  I  A  I  A  A  I  I Oikkonen et al. [43] , 1991  I  A  A  A  I  I  I  I  A  I  A  I  A  A  I  I Renault et al. [44] , 2009  I  A  A  A  I  I  I  A  I  I  A  I  A  A  I  I Richter Larsen et al. [45] , 1995  I  A  A  A  I  I  I  I  A  I  A  I  A  I  I  I Romanini et al. [46] , 2007  I  A  A  A  I  I  I  A  I  I  A  I  A  I  I  I Savci et al. [47] , 2011  I  A  A  A  A  I  A  A  I  I  A  A  A  A  I  I Savci et al. [48] , 2006  I  A  A  A  A  I  I  I  A  I  A  I  A  A  I  I Stein et al. [49] , 2009  I  A  A  A  I  I  A  A  A  I  A  A  A  A  I  I Stiller et al. [50] , 1994  I  A  A  A  I  I  I  A  A  I  A  I  A  A  I  I Sulzer et al. [51] , 2001  I  A  A  A  A  I  I  I  I  I  A  I  A  A  I  I Thomas et al. [52] , 1992  I  A  A  A  I  I  I  I  I  I  A  I  A  A  I  I Westerdahl et al. [53] , 2001  I  A  A  A  I  I  I  A  A  I  A  I  A  A  I  I Westerdahl et al. [54] , 2005  I  A  A  A  I  I  A  I  A  I  A  I  A  A  I  I Westerdahl et al. [55] improved over time, it was still below an acceptable level (for example, only 45% of the trials had included a calculation of the sample size). This suggests that, despite the release of the CONSORT Statement over the last decade, a large proportion of authors, reviewers and journal editors have not yet implemented these recommendations. The two items that showed an adequacy decline were statistical methods and blinding. The first demonstrated a difference smaller than 7% (two studies), being therefore irrelevant. In studies published after the CONSORT, a reduction of the reporting of blinding in 41.96% of the studies was observed, and only 43.75% informed that blinding was performed in their methodology, with no further details. When the evaluation was directed at whom was blinded (patient, investigators or outcome assessor), the adequacy was even lower, reaching 7.69%. Our results are similar to the studies [8] [9] [10] [11] who assessed the quality of studies in the areas of cardiothoracic, neurological, sports and aquatic physiotherapy, respectively. Research indicates that blinding, or lack thereof, is associated with a greater tendency to maximize the treatment's effect [57] [58] [59] [60] [61] . In a study by Boutron et al. [62] , in which pharmacologic and non-pharmacologic treatments for hip or knee osteoarthritis were compared, blinding was found to be less frequent in nonpharmacologic studies, even when there is a possibility to do it. It should be emphasized that an adequate methodological conduct in relation to blinding results in a higher number of professionals involved and often adds costs to the research, which becomes a limiting factor. The lack of blinding interferes directly on the results, making both its internal and external validity look dubious. Consequently, the use of these studies in systematic reviews becomes limited, generating biased results.
Due to the large number of publications, the standardization of papers to the rules of each journal must be followed, which mainly includes a limit for the number of words, tables and figures. For this reason, very precise details of the research development may end up without space. Given this reality, none of the papers included in this review presented the items title and abstract, assessment of adherence to the protocol, interpretation, and generalizability as required by the CONSORT extension for non-pharmacologic treatment interventions. However, these undescribed data may have been part of the research development, but they were not disclosed. Specifically, there is no available information in the literature for us to corroborate such finding. A combination of techniques was present in 69.23% of the studies. This result is in accordance with a systematic review published by Stiller [63] on physiotherapy performance in the ICU. It was not possible to evaluate the effectiveness of each technique alone, the same way as the large heterogeneity of methodologies and samples made it impossible to carry out a statistical analysis.
Another interesting finding of our research was that the 27 studies with positive outcomes demonstrated a better quality regarding the 10 items of CONSORT Methods section. Except for the statistical methods, in which the difference was of only 7%, all other items were appropriately described more often in studies with positive outcomes. Beckerman et al. [64] , when evaluating laser therapy in different musculoskeletal and dermatological conditions, found similar results, with studies with positive outcomes having better quality. A year later, the same author found contrary results when assessing the effectiveness of physiotherapy in musculoskeletal disorders [65] . Studies with negative outcomes tend to be submitted less frequently, with a lower acceptance by journal reviewers. Therefore, there may be an overestimation of treatment effects, leading to important implications in choosing the best treatment to follow.
The gap between the publication of the results of a scientific research and its actual implementation in the professional routine is still substantial, leading to health care practices of levels lower than expected [66] . However, prior to this, the research planning and development should be improved so that its JL CS RDMP Conception and design of the work; acquisition, analysis, interpretation of data for the work; drafting the work and revising it critically for important intellectual content; final approval of the version to be published Conception and design of the work; acquisition, analysis, interpretation of data for the work; drafting the work and revising it critically for important intellectual content; final approval of the version to be published Conception and design of the work; acquisition, analysis, interpretation of data for the work; drafting the work and revising it critically for important intellectual content; final approval of the version to be published results are as close as possible to the truth and are legitimized by a methodology of quality.
Limitation of the Study
A limitation of this systematic review is that literature search was not conducted in Embase database.
CONCLUSION
The description of the necessary items for the correct execution, conduction and publication of studies has increased over the years, but it still has great scope for improvement. In general, the methodological quality is below an acceptable level in order to obtain results that are reliable and applicable in the daily practice.
